Dual 5' Cap Labeling Based on Regioselective RNA Methyltransferases and Bioorthogonal Reactions.
The ability to detect and localize defined RNA strands inside living cells requires probes with high specificity, sensitivity, and signal-to-background ratio. To track low-abundant biomolecules, such as strands of regular mRNA, and distinguish fluorescence signal from the background after bioorthogonal reactions in cells, it is imperative to employ turn-on concepts. Here, we have presented a straightforward enzymatic approach to allow site-specific modification of two different positions on the 5' cap of eukaryotic mRNA with either identical or different small functional groups. The approach relies on two methyltransferases and analogues of their natural co-substrate, and it can be extended to a three-enzyme cascade reaction for their in situ production. Subsequent labeling by using bioorthogonal click reactions provided access to double labeling with identical fluorophores or dual labeling with two different reporter groups, as exemplified by a Cy5 dye, a FRET pair, and a fluorophore/biotin combination. Our dual-labeling strategy addresses the need for increased sensitivity and should improve the signal-to-background ratio after bioorthogonal reactions in cells.